Aortic Stiffness in Hypertrophic Cardiomyopathy
In the paper by Boonyasirinant et al. (1) in a recent issue of the Journal, there are serious problems in the use of pulse wave velocity (PWV) data as an index of aortic stiffness in hypertrophic cardiomyopathy (HCM).
The major technical problem is that whereas magnetic resonance imaging (MRI) can measure dimensions accurately, it can only measure flow at intervals of around 30 ms ( Fig. 1 from Boonyasirinant et al. [1] ), so that PWV, as distance travelled divided by time between wave feet, is likely to be less accurate, especially over very short distances (typically 12 to 13 cm in this report [1] ) than when measured invasively or noninvasively by high fidelity manometry (2, 3) . This may account for unusually high variability of PWV measurements, especially in the HCM groups.
The most curious issue in this MRI report (1) is that normal subjects had lower values of aortic PWV (3.7 m/s, SD 0.9 m/s) than previously published for any normal group using invasive or noninvasive techniques (2, 3) . A previous MRI study (4) in normal (but obese) subjects of similar age gave PWV values of 6.8 m/s (SD 2.2 m/s), which is similar to that reported for HCM patients in the recent MRI report (1) . Further, normal subjects ( Fig. 5 from Boonyasirinant et al. [1] ) had a blunted wave foot for the distal aortic wave, which is quite different from normal flow and pressure waves, from which PWV is usually calculated. High variability of PWV in HCM (mean 9.66 m/s, SD 6.43 m/s in 1 group and 6.51 m/s, SD 3.2 m/s in another) is not correctly represented in Figure 2 of Boonyasirinant et al. (1), nor are the confidence intervals, whose long "whiskers" do not appear at all. Data in the text and legend of Figure  2 (1) do not correspond to that shown in the figure.
These issues ought to be considered before the confident assertions of Boonyasirinant et al. (1) or Kuhl (5) are accepted that the MRI technique reveals "novel insights in vascular function from MRI" (1) or "an unidentified association unraveled by MRI" (5).
Increased Aortic Stiffness in Hypertrophic Cardiomyopathy
Different Methods, Same Conclusions?
We read the report by Boonyasirinant et al. (1) with great interest. The major finding of this study was that increased aortic stiffness, as indicated by increased magnetic resonance imaging (MRI)-derived pulse wave velocity (PWV), is evident in hypertrophic cardiomyopathy (HCM) patients and is more pronounced in those with myocardial fibrosis. The results are impressive, but we feel that a few additional comments are necessary.
Boonyasirinant et al. (1) used MRI-PWV analysis to quantify aortic stiffness in their clinical study. Measurement of PWV by different tonometric, piezoelectronic, oscillometric, and MRI methods are widely used scientific tools. However, there is another way to evaluate aortic stiffness, for which 2 important variables should be noted: 1) the change in volume due to blood injection into the aorta; and 2) the pressure change caused by this volume change (2) . Together with measurement of forearm systolic blood pressure (SBP) and diastolic blood pressure (DBP) changes, aortic systolic diameter (SD) and diastolic diameter (DD) or crosssectional areas at different levels of aorta can be measured with echocardiography, computed tomography, or MRI. Using these parameters, indexes or moduli can be calculated characterizing aortic elasticity (3). The most important parameters are listed here: (1) were the first to demonstrate alterations in aortic distensibility in HCM. However, further investigations are warranted to examine the previously mentioned parameters in HCM, especially with versus without left ventricular outflow gradients. Moreover, correlations between PWV and echocardiography-derived parameters should be confirmed in HCM as well. Reply We thank Dr. O'Rourke and colleagues and Dr. Nemes and colleagues for the interest in our study (1) . A common thread is that each promotes alternative methods for computing aortic stiffness to the method we chose to employ, namely pulse wave velocity (PWV) computed by magnetic resonance imaging (MRI).
We are in agreement with Dr. Nemes and colleagues that more work is needed between and among these various approaches. We also recognize that many techniques exist to quantify aortic stiffness, and each is subject to its own characteristic strengths and weaknesses. Reliable quantification of PWV is dependent on accurate measurement of both the aortic flow (or pressure) wave at 2 measurement sites as well as the distance between these 2 sites. Previously, in numerous studies, MRI has been shown as a reliable technique for quantifying the aortic flow wave; its longitudinal dimensional accuracy is unparalleled, although it does suffer from a relatively low temporal resolution when compared with alternate techniques.
